Inhibition of glycolysis by amino acids in ascites tumor cells. Specificity and mechanism.
The effect of glutamine and asparagine on glucose metabolism has been studied in ascites tumor cells. Either of these amino acids decreased the glycolytic flux about 80%. Half-maximal effects were obtained with 0.14 mM glutamine and 0.087 mM asparagine. Among the 20 L-amino acids, only glutamate produced a similar effect. Glutamine and asparagine caused a 70% increase of hexose monophosphates and a large decrease of fructose-1,6-P2 and triose phosphates, evidencing a strong inhibition of the phosphofructokinase (EC 2.7.11) reaction. Analysis of the levels of various phosphofructokinase effectors revealed that fructose-2,6-P2 and AMP decreased 4-fold, phosphoenolpyruvate, citrate, and ATP increased 4-, 3-, and 1.8-fold, respectively, and that there was no change in ADP, Pi, and intracellular pH. Assay of phosphofructokinase at concentrations of substrates and effectors determined to be in the cells showed that the low activity of this enzyme could be accounted for by the change in the concentration of effectors, the major mechanism being the change in adenine nucleotides. The decrease in fructose-2,6-P2 contributed very little to the inhibition of phosphofructokinase activity. The effects of amino acids were prevented by amino-oxyacetate, suggesting that transamination was an obligatory step for these changes.